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I Purpose of the Report 

The purpose of this supplemental memorandum report is to demonstrate the 
application of the CALSIM II model at the 2001 level-of-development simulating the 
Interior’s October 5, 1999 (b)(2) Decision1 and the Environmental Water Account 
(EWA) under CALFED ROD/Framework regulatory environment. 

Like 2020 study the modeling study presented in this report is also an example 
study.  The results of the study are intended to show the capability of the model to 
simulate the complex project operations rules and criteria.  It is not a standard 
baseline study and neither DWR nor USBR recommends the results of this study be 
used beyond the limited purpose of this report. 

The model is usually intended to be used in a comparative mode.  The results from 
a ”with project” simulation should be compared to the results of a baseline 
simulation to obtain the incremental effect of a project on the system.  The results 
from a single simulation may not necessarily represent the exact operations for a 
specific month or year, but should reflect long-term trends. 

Formulation of the CVPIA(b)(2) and EWA criteria and the resulting operations of the 
two projects will likely be refined with input and suggestions from the interested 
parties to carry out a more specific study to meet a particular need in the future. 

II Example Model Study 

An example model study has been completed at the 2001 level-of-
development simulating assumed operation criteria under CVPIA (b)(2) and the 
concept of EWA as discussed in the 2020 LOD report. All modeling assumptions 
used in the 2001 LOD study are unchanged  from the ones used in the 2020 study. 
Appendix A of the same report presented the general modeling assumptions. Same 
appendix also compared the regulatory standards, in-stream flow requirements, and 
other operational constraints between the Decision 1485, Decision 1641, CVPIA 
(b)(2) proposed fish actions and EWA imposed additional fish protection measures. 
For the 2001 level study, a new joint hydrology was developed by the Department 
and the Bureau staff modeling. The SWP and CVP annual demands imposed in this 
simulation study are : 

• SWP south-of-Delta demand was assumed to vary from 2.7 maf to 3.9 maf/yr. 
• SWP north-of-Delta demand was assumed to be 830 taf/yr. 
• CVP south-of-Delta demand was assumed to be 3.5 maf/yr. 
• CVP north-of-Delta Sacramento River demand was assumed to be 2.8 maf/yr. 
• CVP American River demand was assumed to be 289 taf/yr. based on the 

Water Forum 2000 demand. 
• Stanislaus River demand was assumed to be 680 taf/yr.  
• Contra Costa Water District demand was assumed to be 140 taf/yr. 
                                                                 
1. Department of the Interior Decision on Implementation of Section 3406 (b)(2) of the Central Valley 
Project Improvement Act. 
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III Intentionally left blank 

IV Intentionally left blank 

 

V Example Study Key Modeling Results 

 
 This section presents key results regarding project water supply capabilities, 
project operations as well as CVPIA (b)(2) and EWA operations as simulated by the 
model. 
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V.1. Water Supply 
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Table V.1.1 shows the average annual deliveries for the SWP and CVP for the 
historical dry period of 1928 through 1934 and 73-year long-term.  The average 
annual  SWP south-of-Delta firm delivery in the dry period of 1928 through 1934 is 
1,817 taf and 2,747 taf long-term.  The average annual SWP interruptible delivery in 
the dry period of 1928 through 1934 is 55 taf and 215 taf long-term.  The average 
annual  for CVP south-of-Delta delivery in the dry period of 1928 through 1934 is 
1,665 taf and 2,206 taf long-term.  The average annual CVP north-of-Delta delivery 
in the dry period of 1928 through 1934 is 2,029 taf and 2,240 taf long-term. The 
average annual CVP south-of-Delta agricultural delivery in the dry period of 1928 
through 1934 is 358 taf and 793 taf long-term. 

   

   

 
 
 
 
 
 
 
 

Table V.1.1
Water Supply

(taf/year)

Delivery   (May 1928 - Oct. 1934) (1922-1994) 73-Year

Dry Period  Average Period Average

Total SWP south-of-Delta Firm Delivery 1817 2747
Total SWP Interruptible Delivery 55 215
Total CVP north-of-Delta Delivery 2029 2240
Total CVP south-of-Delta Delivery 1665 2206
Total CVP south-of-Delta Agricultural Delivery 358 793

Total Delivery 5566 7408
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Figure V.1.1 shows the frequency of total annual SWP south-of-Delta firm 
delivery reliability.  In 50 percent of the years, about 95 percent of the SWP south-
of-Delta firm demand is met.  

Figure V.1.1
Frequency of Total SWP south-of-Delta Firm Delivery Reliability
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Figure V.1.2 shows the frequency of total annual SWP interruptible delivery.  
In about 50% of the years, the total annual interruptible delivery is at least 180 taf. 
The average annual interruptible delivery is 215 taf. 

 

Figure V.1.2
Frequency of SWP Interruptible Delivery 
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Figure V.1.3 shows the frequency of total annual CVP south-of-Delta delivery.  
In 50 percent of the years, the total annual CVP south-of-Delta delivery is at least 
2,280 taf.  The average annual CVP south-of-Delta delivery is 2,206 taf. 

Figure V.1.3
Frequency of Total CVP south-of-Delta Delivery 
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Figure V.1.4 shows the frequency of total CVP south-of-Delta delivery to 
agricultural contractors.   In 50% of the years, the total annual CVP south-of-Delta 
delivery to agricultural contractors is at least 820 taf or 42 percent of the full 
allocation.  The average annual CVP south-of-Delta delivery to agricultural 
contractors is 793 taf. 

 

 
 

 

 

 

 

 

 

Figure V.1.4
Frequency of Total CVP south-of-Delta Agricultural Delivery 
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Figure V.1.5 shows the frequency of total CVP north-of-Delta delivery.   In 
50% of the years, the total annual CVP north-of-Delta delivery is at least 2,300 taf.  
The average annual CVP south-of-Delta delivery to agricultural contractors is 2,240 
taf. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure V.1.5
Frequency of Total CVP north-of-Delta Delivery 
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V.2. CVPIA (b)(2) Operations 
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Figure V.2.1 shows the total end of year (b)(2) costs and the beginning of year 
(b)(2) account.  The blue line shows the total (b)(2) account limit at the beginning of 
each year (800 taf in normal years, 600 taf in Shasta critical years).  The bars show 
the actual total end of year (b)(2) costs for each year.  There are twenty years out of 
the 73-year study period in which the total (b)(2) cost exceeded the (b)(2) account.  
The total (b)(2) costs exceeded the (b)(2) account limit because of several reasons: 
1.  CALSIM is a monthly time-step model and will impose a (b)(2) action as long as 
there is a balance in the (b)(2) account at the beginning of the month.  When a 
(b)(2) action is imposed, it is imposed for the entire month, and the action taken 
resulted in a cost more than the remaining (b)(2) account balance; 2.  Export 
differences due to different operations in July through September period between 
the (b)(2) study and the WQCP study result in a (b)(2) cost even though no (b)(2) 
action is taken in the July through September period.   Conversely, there are many 
years when the total (b)(2) cost is less than the (b)(2) account limit as shown in the 
chart.  In those years, all of the eight (b)(2) actions are taken, but the total cost of 
those actions is less than 800 taf or 600 taf (b)(2) account.  In these years, either 
the (b)(2) actions did not cost much or the WQCP cost is negative. 

Figure V.2.1
Total End of Year (b)(2) Costs
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Figure V.2.2 shows the total annual CVP WQCP costs.  This is the total cost 
to the CVP due to regulatory requirements of the WQCP.  The cost is computed 
from the WQCP study with D1485 as the baseline.  There are five years in which 
the WQCP costs exceeded the 450 taf cap.  In the (b)(2) accounting procedure, 
only up to 450 taf of CVP WQCP cost provided to meet the WQCP requirements is 
charged to the (b)(2) account.  There are thirty years in which the WQCP cost is 
less than D1485 because of differences in Delta outflow requirements,  water-year 
type classifications, export constraints, or ANN requirements.  
 

Figure V.2.2
Total Annual WQCP Costs
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Figure V.2.3 shows the percent of time (b)(2) actions are taken for the 73-year 

study period.  The (b)(2) actions are imposed on the CVP system only.  The (b)(2) 
action that is most frequently taken is Action 1 (AFRP releases in October through 
January) at 100%.  The second most frequently taken action is Action 2 (December 
and January export reductions) at 86%.  The next most frequently taken action is 
Action 3 (VAMP) at 83%, followed by Action 8 (AFRP releases February through 
September) at 80%.  The percent of times the remaining actions as follows: Action 
4 (post-VAMP 16 through 31 May) at 70%, Action 5 (June EI ramping) at 71%, 
Action 7 (35 taf export reduction February and March) at 61%, and Action 6 (pre-
VAMP 1 through 4 April) at 55%.   The reason that Action 2 (December through 
January export reductions) is taken more frequently than Action 3 (VAMP) is due to 
the reserve amounts used to trigger Action 2.  The reserve amounts need to be 
refined so that there will be less Action 2 taken and more (b)(2) water left to do 
Action 3.  
 
 
 
 
 
 
 
 

Figure V.2.3
Percent of Time (b)(2) Actions Taken
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V.3. EWA Operations 
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Figure V.3.1 shows the percent of time EWA actions are taken.  While the 

(b)(2) actions are imposed only on the CVP system, EWA actions are imposed on 
both the SWP and CVP systems.  Four of the EWA actions are the same as the 
(b)(2) actions.  The EWA would impose actions only on the SWP if (b)(2) actions 
were imposed on the CVP.  However, if (b)(2) actions were not imposed on the 
CVP because the (b)(2) account is exhausted, then the EWA will impose actions on 
both the CVP and SWP as long as the EWA has sufficient collateral to repay the 
debt to the projects.  The EWA action most frequently taken is Action 2 (Dec-Mar 
export reduction) at 84% of the time.  The next most frequently taken action is 
Actions 3 (VAMP) at 72% of the time, followed by Action 4 (pre-VAMP 1 through14 
April) at 67% of the time.  The percent of time the remaining EWA actions taken are 
as follows:  

Action 5 (post-VAMP 16 through 31 May) at 55% of the time, Action 1 (AFRP 
releases from February through September) at 10%, and Action 6 (June EI 
ramping) at 41% of the time. 

Figure V.3.1
Percent of Time EWA Actions Taken
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Figure V.3.2 shows the percent of time (b)(2) and EWA actions are taken.  
The actions are common to (b)(2) and EWA.  These are percent of times when: 

• (b)(2) actions are taken on the CVP, and EWA actions are taken on the SWP 
(this qualifies as one full action taken) 

• no (b)(2) action is  taken on the CVP, but EWA actions are taken on both the 
SWP and CVP (this qualifies as one full action taken) 

• or (b)(2) actions are taken on the CVP, and EWA does not take actions (this 
qualifies as one half action taken) 

 
The most frequently taken (b)(2)/EWA action is VAMP at 84% of the time.  The next 
most frequently action taken is pre-VAMP at 77% of the time, followed by post-
VAMP at 73% of the time, and June EI export ramping at 62% of the time. 

Figure V.3.2
Percent of Times (b)(2) and EWA Actions Taken
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Figure V.3.3 shows the frequency of total annual use of joint-point-of-diversion 

for the EWA.  This represents the total use of joint-point-of-diversion at Banks 
Pumping Plant to export water for the EWA, including a north-of-Delta purchase, 
EWA water stored in north-of-Delta project reservoirs, and surplus water.  The 
average annual total use of joint-point-of-diversion for the EWA is 90 taf. 

Figure V.3.3
Frequency of Joint Point Use for EWA

 (Includes 500 cfs July through September)
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Figure V.3.4 shows total use of 500 cfs additional Banks Pumping Plant 

capacity in July through September by the EWA to transfer water.  There are no 
years in which the EWA uses the full 500 cfs additional Banks Pumping Plant in all 
three months.  Typically, the EWA uses the 500 cfs capacity to transfer the 35 taf 
north-of-Delta purchase and EWA water stored in northern project reservoirs.  The 
average annual EWA usage of the additional 500 cfs Banks Pumping Plant capacity 
is 34 taf. 

Figure V.3.4
EWA Use of 500 cfs Joint Point capacity in July through September
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Figure V.3.5 shows total annual transfer of EWA water from north-of-Delta 

EWA storage into San Luis Reservoir through the use of joint-point-of-diversion 
through Banks Pumping Plant.  When the EWA takes an action to reduce exports, 
the amount of storage backed up in Lake Oroville, Shasta Lake, or Folsom Lake as 
a result of EWA imposed export reduction is credited to the EWA account in those 
reservoirs.  The transfer of EWA water from the northern reservoirs is prevalent in 
dry years because 
• EWA storage in northern reservoirs is usually higher in dry years where EWA is 

less likely to lose its storage account due to flood control spills.   
• There is ample joint-point-of-diversion capacity available at Banks Pumping 

Plant to transfer EWA water in dry years 
 
The average annual transfer of EWA water from north-of-Delta reservoirs to San 
Luis reservoir is 58 taf.  
 

Figure V.3.5
EWA Use of Joint Point toTransfer north-of-Delta Storage
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Figure V.3.6 shows EWA assets utilized by water-year type.  The assets 

shown include south-of-Delta purchase, 500 cfs additional Banks Pumping Plant 
capacity, 50% of joint-point-of-diversion capability, and 50% of (b)(2) SWP gain.  
The average asset from south-of-Delta purchase is 79 taf/year in dry and critical 
years, 150 taf/year in above and below normal years, and 200 taf/year in wet years.  
The average asset from 500 cfs additional Banks Pumping Plant capacity is 41 
taf/year in dry and critical years, 28 taf/year in above and below normal years, and 
31 taf/year in wet years.  The average asset from 50% of joint point of diversion 
capability is 100 taf/year in dry and critical years, 36 taf/year in above and below 
normal years, and 18 taf/year in wet years.  The average asset from 50% of (b)(2) 
SWP gain is 40 taf/year in dry and critical years, 41 taf/year in above and below 
normal years, and 10 taf/year in wet years.  These are the major assets that the 
EWA utilizes to accumulate collateral south-of-Delta so that it can repay debt to the 
projects when it imposes an EWA action.  The 50% of (b)(2) SWP gain and 50% of 
joint-point-of-diversion may be overestimated because export at Banks Pumping 
Plant was allowed to increase above the WQCP baseline when a (b)(2) action was 
imposed. 

Figure V.3.6
EWA Assets Utilized
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Figure V.3.7 shows the EWA average unpaid debt by water-year type.  The 

bars show the maximum unpaid debt by water-year type.  In CALSIM, all EWA 
debts are repaid to the projects by the end of the water year; the amount of debt 
that the EWA did not have enough collateral to repay is labeled “unpaid” debt. In 
actual operations, the EWA could carry the debt to the following year.  In the 
modeling study, this debt was assumed to be paid from an unspecified source.  
Currently in CALSIM, EWA debt is not carried to the following year.  The average 
annual EWA unpaid debts are 2.3 taf in dry and critical years, 0.0 taf in above and 
below normal years, and 23.4 taf in wet years. 
 

Figure V.3.7
Unpaid EWA Debt
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Figure V.3.8 shows EWA south-of-Delta purchase.  The purchase amounts 

are 50 taf/year in critical years, 100 taf/year in dry years, 150 taf/year in above and 
below normal years, and 200 taf/year in wet years.   The EWA uses the purchase 
water to repay debts to the projects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure V.3.8
EWA south-of-Delta Purchase
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Figure V.3.9 shows EWA San Luis storage.  This is EWA’s storage account in 

San Luis Reservoir.  This is a part of the south-of-Delta EWA collateral that the 
EWA accumulates from the various assets.  The collateral is used to repay EWA 
debts to the projects when EWA incurs a debt on the projects by taking an EWA 
action.   EWA will lose its storage in San Luis reservoir if storage is filled.  EWA 
storage is usually high in dry years because: 

• During dry years, EWA actions do not cost as much water because baseline 
deliveries are low.  Therefore, EWA does not have much debt to repay to the 
projects.   

• San Luis reservoir has storage capacity available for EWA to store its water. 
EWA San Luis reservoir does not spill for several consecutive years.  

• In dry years, EWA has more opportunity to back up water in Lake Oroville, 
Shasta Lake, and Folsom Lake because there is less chance of losing that 
water due to flood control spills from the reservoirs.   

• There is plenty of joint-point-of-diversion capacity available at Banks Pumping 
Plant. 

 

Figure V.3.9
EWA Storage in San Luis Reservoir
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V.4. Trinity River 
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          Figure V.4.1 shows Trinity Lake storage.  The reservoir is operated to meet 
the Trinity River minimum required flow and export of water to the Sacramento 
River system. 

Figure V.4.1
 Trinity Lake Storage
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Figure V.4.2 shows the total annual Trinity River minimum instream flow for all 
years.  The flows varied from 369 taf/year in dry years to 815 taf/year in wet years, 
based on the Trinity River index. 

Figure V.4.2
Total Annual Trinity River Minimum Instream Flow
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Figure V.4.3 shows the total Trinity River water exported annually to the 

Sacramento River system.  The average annual export is about 604 taf. 
 

 

 

 

 

 

 

 

 

 

 

Figure V.4.3
Total Annual Trinity River Export
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V.5. Sacramento River 
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Figure V.5.1 shows Shasta Lake storage.  There are 19 years in which the 
Shasta Lake carryover storage is lower than 1.9 maf.  In 11 of those years, the 
carryover storage is between 1,000 and 1,900 taf, and in 8 of those years, the 
carryover storage is between 550 and 1000 taf.  Most of the low carryover storage 
occurs in dry years including 1924, the 1928 through 1934 dry period, 1977, and 
the 1986 through 1992 dry period.  In those dry years, Shasta reservoir is operated 
mostly to meet AFRP or temperature control flows at Keswick Dam or navigational 
control flow requirements.  The CVP Settlement Contractors (full allocation 2.2 
maf/year, are assumed to use their entire yearly allocation, whether full or 25% 
deficiency.  This is a conservative approach that aggravates the low Shasta 
carryover problem in this simulation.  Also, it is certain that NMFS and Reclamation 
would develop extraordinary measures to avoid carryover as low as is shown here 
in the dry years, but it is not possible to simulate this adaptive management with 
this version of CALSIM. 

Figure V.5.1
Shasta Lake Storage
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Table V.5.1 shows the factors controlling Shasta releases. In the 1928 to1934 dry 
period, there are 41 months when Keswick (AFRP or temperature flows), 33 
months when NCP (Navigational Control Point) controls, and 10 months when 
Other (Delta requirements, flood control release, Delta exports or Sacramento River 
diversions) controls.   
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Figure V.5.2 shows the simulated and minimum instream required flows in the 
Sacramento River below Keswick Dam.  The minimum required flows (AFRP and 
temperature control flows) tend to control the releases from Keswick Dam in the dry 
years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure V.5.2
Sacramento River Flow Below Keswick Dam 
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V.6. American River 
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Figure V.6.1 shows Folsom Lake storage.  In most months in dry years,  Folsom 
Lake release is controlled by the AFRP flows at Nimbus. 
 
 
 
 

Figure V.6.1
Folsom Lake Storage
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Table V.6.1 shows the factors controlling Folsom Lake release. In the 1928 to1934 
dry period, there are 47 months when Nimbus minimum required flow controls and 
37 months when other (American River diversions, Delta required flows, Delta 
exports, or flood control releases) controls.  
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Figure V.6.2 shows the simulated and minimum instream required flows in the 
American River below Nimbus Dam.  The minimum instream flows at Nimbus tend 
to control Folsom reservoir operations in some months of most years. 

 

Figure V.6.2
American River Flow at Nimbus Dam
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Figure V.6.3 shows the simulated and minimum instream required flows in the 

American River at H Street.  The minimum instream flows at Nimbus tend to control 
Folsom reservoir operations in some months of most years. 

 

 

 

 

 

 

 

 

 

 

Figure V.6.3
American River Flow at H St 
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V.7. Feather River 
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Figure V.7.1 shows Lake Oroville storage.  The lowest storage value is 505 
taf. 

 Figure V.7.1
Lake Oroville Storage
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Figure V.7.2 shows simulated and minimum instream required flows in the 
Feather River below Thermalito Diversion Dam.  The simulated flows are almost 
always higher than the minimum required flows.  The river’s minimum instream flow 
does not control Oroville reservoir operations in most years. 

 

 

 

 

 

 

 

 

Figure V.7.2
Feather River Flow Below Thermalito
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V.8. Stanislaus/San Joaquin Rivers 
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Figure V.8.1 shows New Melones Reservoir storage.  

 Figure V.8.1
New Melones Reservoir Storage
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Figure V.8.2 shows the simulated and minimum instream required flows in the 

Stanislaus River at Goodwin.  The minimum instream flows tend to control New 
Melones releases at Goodwin Dam in some months of most years. 

 

Figure V.8.2
Stanislaus River Flow Below Goodwin Dam
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Figure V.8.3 shows the simulated San Joaquin River flow at Vernalis.  

 

 

 

 

 

 

 

 

 

 

 

Figure V.8.3
San Joaquin River simulated flow at Vernalis
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V.9. Delta 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 
 

 

 
 

Figure V.9.1 shows the total annual required Delta outflow.  The total required 
outflow is the flow needed to meet x2 and minimum outflow requirements.  The 
average annual total required Delta outflow is 5,380 taf. 

Figure V.9.1
Total Required Delta Outflow
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Figure V.9.2 shows annual total Delta outflow.  The average annual total Delta 
outflow is 14,850 taf.   
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Figure V.9.2
Total Delta Outflow
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Figure V.9.3 shows the total required flow at Sacramento River at Freeport 

for Artificial Neural Network salinity requirements. 

Figure V.9.3
Minimum Required Flow at Sacramento River at Freeport for ANN Requirements
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Figure V.9.4 shows the monthly resulting X2 position.  The X2 position ranges 
from 42 km to 90 km. 

 
 
 

Figure V.9.4
X2 Position
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Figure V.9.5 shows the average monthly QWEST flows.  The average 

QWEST flows are negative in November, July, August, and September. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure V.9.5
Average Monthly QWEST Flows
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V.10. South-of-Delta 
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Figure V.10.1 shows SWP San Luis reservoir storage.  The low points shown 
do not include EWA’s storage debt owed to the SWP.  The September end-of-
month storage in SWP San Luis includes EWA debt payback. 

 
 

Figure V.10.1
SWP San Luis Reservoir Storage 
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Figure V.10.2 shows CVP San Luis reservoir storage.  The low points shown 

do not include EWA’s storage debt owed to the projects.  The September end-of-
month storage in CVP San Luis Reservoir includes EWA debt payback . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure V.10.2
CVP San Luis Reservoir Storage 
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V.11. CVPIA (b)(2) Accounting Metrics Computations 
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This section shows the computations of the storage, release and export 

metrics developed by the Department of the Interior for accounting the (b)(2) cost. 
The computations included in this report are for water years 1922 through 1926 for 
the sample study.  The computations for the entire 73-year study period are 
available but are too massive to include in this report. 
 

Table V.11.1 shows the storage, releases, and exports from the D1485 
study.  The D1485 study is the baseline from which the CVP WQCP cost in the 
WQCP study is measured.  Trinity, Shasta, Folsom, and New Melones Lake 
storages are shown in columns B through E, and the total storage of all the 
reservoirs is shown in column F.  The releases below Goodwin Dam, Whiskeytown 
Lake, Keswick Reservoir, and Lake Natoma (Nimbus) are shown in columns G – J, 
and the total of all the releases is shown in column K.  The CVP exports at Tracy 
Pumping Plant and CVP wheeling are shown in columns L and M, and the total 
CVP exports are shown in column N. 

 
Table V.11.2 shows the storage, releases, and exports from the WQCP 

study.  The WQCP study is used to compute the CVP WQCP cost as measured 
from the D1485 study.  It is also the baseline from which the (b)(2) cost is measured 
against in the (b)(2) study.  Trinity, Shasta, Folsom, and New Melones Lake 
storages are shown in columns B through E, and the total storage of all the 
reservoirs is shown in column F.  The releases below Goodwin Dam, Whiskeytown 
Lake, Keswick Reservoir, and Lake Natoma (Nimbus) are shown in columns G – J, 
and the total of all the releases is shown in column K.  The CVP exports at Tracy 
Pumping Plant and CVP wheeling are shown in columns L and M, and the total 
CVP exports are shown in column N. 
 

Table V.11.3 shows the storage, releases, and exports from the (b)(2) study.  
The (b)(2) study is used to compute the cost of (b)(2) actions as measured against 
the WQCP study.  Trinity, Shasta, Folsom, and New Melones Lake storages are 
shown in columns B through E, and the total storage of all the reservoirs is shown 
in column F.  The releases below Goodwin Dam, Whiskeytown Lake, Keswick 
Reservoir, and Lake Natoma (Nimbus) are shown in columns G – J, and the total of 
all the releases is shown in column K.  The CVP exports at Tracy Pumping Plant 
and CVP wheeling are shown in columns L and M, and the total CVP exports are 
shown in column N. 
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Table V.11.4 shows the storage, release, and export changes between the 
WQCP study and D1485 study used to compute the WQCP cost.  The D1485 study 
is the baseline for computing the WQCP cost.   
 

The storage changes in CVP’s Trinity, Shasta, Folsom, and New Melones 
Lake are shown in columns B – E; the total storage changes are shown in column 
F. The storage change in each month is computed by subtracting the current 
month’s storage difference (WQCP – D1485) from the previous month’s storage 
difference (WQCP – D1485).  By sign convention, a negative value in the storage 
change indicates an increase in storage, and a positive value indicates a decrease 
(cost) in storage in the WQCP study as compared with the D1485 study.  Although 
the storage change is computed every month, only the October through January 
storage change values are included in the total cost computation. 
 
The release changes in CVP reservoirs at Goodwin Dam, Whiskeytown Lake, 
Keswick Rservoir, and Lake Natoma (Nimbus) are shown in columns G – J; the 
total release changes are shown in column L.  The release change is computed by 
taking the difference between the WQCP and D1485 studies each month.  By sign 
convention, a negative value indicates a decrease in release, and a positive value 
indicates an increase in release.  Although the release change is computed every 
month, only the February through September values are included in the total cost 
computation.   Column M shows the cumulative of the total release from February 
through September. 
 

The changes in CVP exports at Tracy Pumping Plant and CVP wheeling are 
shown in columns N and O; the total export changes are shown in column P.  The 
export change is computed by taking the difference between the WQCP and D1485 
studies each month.  By sign convention, a positive value indicates a decrease 
(cost) in export, and a negative value indicates an increase in export. 
 

Column Q shows the total WQCP cost which is the sum of the storage, 
release, and export changes.  In October through January, the total cost is the sum 
of storage and export changes.  In February through September, the total cost is 
the sum of release and export changes. 

 
Column R shows the total WQCP cost with the 450 taf cap limit.  

 
Column S shows the running (cumulative) total of the WQCP cost without the 

450 taf cap.  The cumulative total in September is the total CVP WQCP cost for 
each year without the 450 taf cap. 
 

The running (cumulative) total of the WQCP cost with the 450 taf cap is 
shown in column T.  The running total is computed by adding the current month’s 
total metrics to the previous month’s cumulative total cost computed from October 
of each year.  The cumulative total in September is the total CVP WQCP cost 
capped at 450 taf for each year.  This is the total CVP WQCP cost that is charged 
to the (b)(2) account. 
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Table V.11.5 shows the computations of storage, release, and export changes 
for computing the (b)(2) costs in the (b)(2) study as measured against the WQCP 
study.   

The storage changes in CVP’s Trinity, Shasta, Folsom, and New Melones Lake 
are shown in columns B – E; the total storage changes are shown in column F.  The 
storage change in each month is computed by subtracting the current month’s storage 
difference ((b(2) – WQCP) from the previous month’s storage difference ((b)(2) – 
WQCP).  By sign convention, a negative value in the storage change indicates an 
increase in storage, and a positive value indicates a decrease (cost) in storage in the 
(b)(2) study as compared with the WQCP study.  Although the storage change is 
computed every month, only the October through January storage change is included 
in the total cost computation.  

 
The release changes in CVP releases at Goodwin Dam, Whiskeytown Lake, Keswick 
Reservoir, and Lake Natoma (Nimbus) are shown in columns G – J; the total release 
changes are shown in column K.  The release change is computed by taking the 
difference between the (b)(2) and WQCP studies each month.  By sign convention, a 
negative value indicates a decrease in release, and a positive value indicates an 
increase in release.  Although the release change is computed every month, only the 
February through September values are included in the total cost computation.   
Column L shows the cumulative of the total release from February through September. 
 

The changes in CVP exports at Tracy Pumping Plant and CVP wheeling are 
shown in columns M and N; the total export changes are shown in column O.  The  
change in export is computed by taking the difference between the (b)(2) and WQCP 
studies each month.  By sign convention, a positive value indicates a decrease (cost) 
in export, and a negative value indicates an increase in export. 
 

Column P shows the total (b)(2) cost, without WQCP cost, and is the sum of the 
storage, release, and export changes between the (b)(2) and WQCP studies.   In 
October through January, the total cost is the sum of storage and export changes.  In 
February through September, the total cost is the sum of release and export changes. 
 

The running (cumulative) total of the (b)(2) cost is shown in column Q.  The 
cumulative total in September is the total end of year (b)(2) cost, without the WQCP 
cost, for each year.  
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Table V.11.6 shows the total combined (b)(2) and WQCP costs.   
 

The combined storage changes ((b)(2) + WQCP) are shown in columns B – E.  
The sum of the total combined storage changes for all the reservoirs are shown in 
column F.   

 
The combined release changes ((b)(2) + WQCP) are shown in columns G – J. 

The sum of the total combined release changes for all reservoir releases are shown in 
column K.   
 
 Column L shows the cumulative combined (b)(2) and WQCP release changes. 
 
 Column M shows the cumulative combined (b)(2) and WQCP releases changes 
with offset adjustments.  Column M is equal to Column L + Column O. 
 
 Column N shows the offset adjustment.  The offset adjustment is the quantity of 
water needed to keep the change in cumulative releases from going negative in the 
February through September period. 
 

The combined export changes ((b)(2) + WQCP) are shown in columns P and Q.  
The sum of total combined export changes are shown in column R.   
 

Column S shows the total (b)(2) + WQCP costs and is the sum of the combined 
(b)(2) + WQCP storage, export, and release changes.  In October through January, the 
total combined (b)(2) + WQCP cost is the sum of the combined (b)(2) and WQCP 
storage and export changes.  In February through September, the total combined 
(b)(2) + WQCP cost is the sum of the combined (b)(2) + WQCP release and export 
changes and offset adjustements. 
 

The running (cumulative) total of combined (b)(2) and WQCP cost without the 
450 taf WQCP cost cap is shown in column T.  The running total is computed as the 
sum of the previous month’s running total from October and the current month’s total 
combined costs.  The running total at the end of September of each year is the total 
(b)(2) cost without the 450 taf WQCP cap. 
 

The running (cumulative) total of combined (b)(2) and WQCP costs with the 450 
taf WQCP cap is shown in column U.  The running total is computed as the sum of the 
current month’s total combined b(2) + WQCP cost and the running total of the WQCP 
cost with 450 taf cap.  The running total at the end of September of each year is the 
total (b)(2) cost with WQCP cost capped at 450 taf. 
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VI Appendix A: Comparison of Regulatory Standards, Actions 
and Operational Constraints 

  
D1485 

 
WQCP 

 
WQCP + B2 

 
WQCP + B2+ EWA 

 
 

 
Trinity River   

 
Minimum req’t 
instream flow  

 
 

 
 

369-815 taf/year, 
depending on Trinity 

River Index 

 
 

same 

 
 

same 

 
 

same 
 

 
 

Clear Creek   

 
Minimum req’t 
instream flow  

 
 
 

 
1963 USBR proposal to 
FWS: 
            50-100  cfs 

 
same as D1485 plus 
 

 

 
same as D1485 plus 
 
CVPIA (b2) AFRP 
Upstream Action #1 (Nov. 
20, 1997): Oct – Sep 
 With stability criteria 

 
same as D1485 plus 
 
CVPIA (b2) AFRP  
Upstream Action #1 (Nov. 20, 
1997): Oct – Sep 
With stability criteria 

 
 

Sacramento River   

 
Minimum req’t 
instream flow  
below Keswick  
 
 
 
 
 
 
 
Shasta Storage: 

End-of-Sep. 
minimum 
storage 

 
1993 Winter-run 
Biological Opinion with 
estimated temperature 
control flows in Apr – 
Sep.  These flows are a 
proxy for temp. control 
and do not guarantee 
meeting the temp. 
objectives 
 
 
1900 taf,  
1993 Winter-run 
Biological Opinion 

 
same 

 
 
 
 
 
 
 
 
 
 

same 

 
Same as D1485 plus 

 
CVPIA (b2) AFRP 

Upstream Action #2 (Nov. 
20, 1997): Oct – Sep 
With stability criteria 

 
 
 
 
 

same 
 

 
same as D1485 plus 

 
CVPIA (b2) AFRP 

Upstream Action #2 (Nov. 20, 
1997): Oct – Sep 

With stability criteria 
 
 
 
 
 

same 
 

 
Navigation 

Control Point 
(NCP) 

 
Flow objective:3500-5000 
cfs 

 
 

same 

 
 

same 

 
 

same 

  
 American River   

 
Minimum req’t 
instream flow at 

Nimbus 

 
500-2750 cfs (Oct) 
500-2500 cfs (Nov) 
500-3000 cfs (Dec-Feb) 
250-3000 cfs (Mar) 
250-3000 cfs (Apr) 
500-3000 cfs (May) 
1000-3000 cfs (Jun) 
750-3000 cfs (Jul) 
750-2500 cfs (Aug) 
500-2500 cfs (Sep) 
Flows are dependent on 
storage and/or and  
storage + inflow  

 
 

same 

 
 

Same as D1485 plus 
 

CVPIA (b2) AFRP 
Upstream Action #3 (Nov. 

20, 1997):  Oct – Sep 
With stability criteria  

 
 

same as D1485 plus 
 

CVPIA (b2) AFRP  
Upstream Action #3 (Nov. 20, 

1997):  Oct – Sep 
With stability criteria 

 
Minimum req’t 
instream flow at 

H Street 

 
SWRCB D893 

250-500 cfs, with 25% 
relaxation in crit.years. 

 
 

same  

 
 

same 

 
 

same 
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D1485 

 
WQCP 

 
WQCP + B2 

 
WQCP + B2+ EWA 

 
 
 

 
Feather River 

  

 
Minimum req’t 
instream flow  

below 
Thermalito  

Diversion Dam 

 
 

600 cfs 

 
 

same 

 
 

same 

 
 

same 

 
Minimum req’t 
instream flow  

below 
Thermalito 

Afterbay 
 

 
900 – 1700 cfs (Oct. – Feb.) 
760 – 1700 cfs (Mar.) 
760 – 1000 cfs (Apr. – Sep.), 
depending on April – July 
unimpaired runoff in the 
Feather R. near Oroville 

 
 

same 

 
 

same 

 
 

same 

  
Lower Sacramento River 

  

 
Freeport 

 

 
None 

 
None 

 
None 

 
None 

 
Minimum req’t 
instream flow at 

Rio Vista 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
2500 cfs (Jan - W, AN, BN yrs) 
1500 cfs (Jan - D & C yrs) 
3000 cfs ( Feb1- Mar15, W  Yrs) 
2000 cfs ( Feb1-Mar15, AN & BN 
yrs) 
1000 cfs ( Feb1- Mar15, D &C 
Yrs) 
5000 cfs ( Mar16-Jun30, W  Yrs) 
3000 cfs ( Mar16-Jun30AN & BN 
Yrs) 
2000 cfs ( Mar16-Jun30, D & C 
Yrs) 
3000 cfs (Jul, W  Yrs) 
2000 cfs (Jul, AN & BN Yrs) 
1000 cfs (Jul, D &C Yrs) 
1000 cfs (Aug, W, AN, BN, D, C 
Yrs) 
5000 cfs (Sep-Dec, W  Yrs) 
2500 cfs (Sep-Dec, AN, BN Yrs) 
1500 cfs (Sep-Dec, D &C Yrs) 
 

 
3000 cfs (Sep - all year types) 
4000 cfs (Oct-W, AN, BN, D 
yrs) 
3000 cfs (Oct-C Yrs) 
4500 cfs (Nov -
Dec:W,AN,BN,D yrs) 
3500 cfs (Nov -Dec: C Yrs) 
 
 
 
 
 
 
 
 
 
 

 
 

Same as WQCP 

 
 

same as WQCP 

  
San Joaquin River 

  

 
 

Minimum req’t 
instream flow at 
Vernalis 

 
 
 

 
 
 

None 

 
Vernalis Adaptive 

Management Plan (VAMP)  
 

Target flows: 2000, 3200, 
4450, 5700, 7000 cfs 

(Apr15-May15) 
 

Oct. min. flow of 1000 cfs 
and pulse flow of 28 taf  

 
 
 

Same as WQCP 
 

 
 

 
 
 

same as WQCP 
 

 
 

 
 

Salinity 
standards at 

Vernalis  

 
700 EC (Apr – Aug) 
1000 EC (Sep – Mar) 
New Melones makes 
release for salinity. 

The release cap is 70-
225 taf/year based on 
New Melones forecast 
inflow  

 
700 EC (Apr – Aug) 
1000 EC (Sep – Mar) 
New Melones makes 
release for salinity. 

The release cap is 70-250 
taf/year based on New 
Melones forecast inflow  

 

 
 

Same as WQCP 
 

 
 

same as WQCP 
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D1485 
 

WQCP 
 

WQCP + B2 
 

WQCP + B2+ EWA 
 

  
Tuolumne River 

  

 
Minimum req’t 
instream flow  

 
FERC 2299-024 1995 

90-300 taf/year 

 
same 

 
same 

 
same 

  
Stanislaus River 

  

 
Minimum req’t 
instream flow 

 

 
98 – 302 taf/year based 
on New Melones forecast 

inflow  

New Melones Interim 
Op. Plan 
98 – 472 taf/year based on 

New Melones forecast 
inflow  

 
 

Same as WQCP 

 
 

same as WQCP 

 
CSJWCD 
Delivery 

 
0-80 taf/year based on 
New Melones forecast 
inflow  

 
 

same 

 
 

same 

 
 

same 

 
SEWD Delivery 

 
0-10 taf/year based on 
New Melones forecast 
inflow  

 
same 

 
same 

 
same 

 
OID/SSJID 
Delivery 

 
Qin>600 taf: 600 taf/year 
Qin<600 taf: Qin + 
1/3(600-Qin)  
Where Qin is the New 
Melones forecast inflow  
 

 
200-600 taf/year based on 

New Melones forecast 
inflow  

 
 

Same as WQCP 

 
 

same as WQCP 

 
Dissolved Oxygen 

 

 
Jun: 13.2 taf, Jul:16.2 taf, 
Aug:16.4 taf, Sep:14.3 taf 

 

 
same 

 
Same 

 
same  

  
Merced River 

  

 
Minimum req’t 
instream flow 

 

 
35-47 taf/year based on 
60-20-20 index 

 
same 

 
Same 

 
same  

 
 

 
Delta 

  

 
Delta outflow & 

salinity 
 

 
D1485 water quality 
standards (Artificial 

Neural Network 
implementation) 

 
WQCP water quality 

standards (Artificial Neural 
Network implementation) 

 
 

same as WQCP 

 
 

same as WQCP 

 
Delta Cross 

Channel Gates 
 

 
Closed Jan-May when 
Delta outflow is greater 
than 12000 cfs 
 
 
 
Closed when Freeport 
flow is greater than 
25000 cfs. 
 
Closed Feb – Apr 
(1993 Winter-run 
Biological Opinion) 
 
 
 

 
Closed: 10 days in Nov 
             15 days in Dec 
             20 days in Jan 
            Feb. 1 – Jun 4 
 
 
Closed when Freeport flow 
is greater than 25,000 cfs. 
 

 
 

same as WQCP 

 
 

same as WQCP 
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D1485 

 
WQCP 

 
WQCP + B2 

 
WQCP + B2+ EWA 

 
 

Delta Export 
Restrictions 

 

 
May & Jun: 3000 cfs at 
Tracy and Banks 
 
July: 4600 cfs at Tracy 
and Banks  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Export/Inflow Ratio: 
65%: Oct – Jan 
35-45%: Feb 
35%: Mar – Jun 
65%: Jul – Sep 
 
When EI controls, 
allowable pumping is split 
50/50 between CVP&SWP 
 
 
 
1:1 export criteria - Apr15-
May15 
 
 
 
 
 
 
 
 
 
 

 
 
same as WQCP plus 
 
 
 
 
 
 
 
B(2) Actions (See Matrix 
of Potential CVPIA (b)(2) 
Actions table) only for 
CVP export. 
 
                VAMP 
Vernalis 
Flow, cfs      Exports, cfs 
2000            1500 
3200            1500 
4450            1500 
5700            2250 
7000            1500 or 3000 

 
 
same as WQCP + B2 plus 
 
 
 

 
 
 
 
EWA Actions (See Matrix of 
Potential EWA Actions table) 
for SWP and CVP export. 
 
 
              VAMP 
Vernalis 
Flow, cfs      Exports, cfs 
2000            1500 
3200            1500 
4450            1500 
5700            2250 
7000            1500 or 3000 
 

 
Tracy Pumping 

 
Tracy capacity is 

assumed at 4600 cfs. 
However, in some 

months, it is limited to 
4200 cfs by the capacity 

in the upper DMC. 

 
 
 

same 

 
 
 

Same 

 
 
 

same 

  

Operations Criteria in Delta 

  

 
COA 

 

 
1986 Agreement between 

DWR and USBR 
 

Storage withdrawals for 
in-basin use are shared 
75% CVP and 25% SWP 
 
Unstored flows for 
storage and export are  
shared 55% CVP and 
45% SWP 
 

 
 
 
 

same 
 
 
 
 
 

 
 
 
 

Same 

 
 
 
 

Same 

 
CVP Wheeling 

 
CVP payback wheeling 
(196 taf) in Jul and Aug 
 
Banks can wheel up to 
128 taf/year for Cross 
Valley Canal  
 
 
 
Cross Valley Canal 
delivery is wheeled 
directly from Banks P.P. 
from July through 
December up to CVC’s 
allocation 

 
 
 
 

Banks can wheel up to 128 
taf/year for Cross Valley 
Canal  
 
 
 
Cross Valley Canal 
delivery is wheeled directly 
from Banks P.P. from July 
through December up to 
CVC’s allocation 
 

 
 
 
 

Banks can wheel up to 128 
taf/year for Cross Valley 
Canal  

 
 
 

CVC wheeling is modeled  
the same as WQCP 

 
 

 
Full and unlimited joint point of 
diversion for CVP and EWA. 

 
Note: ESA “take limits”,  power 

costs, and other fishery 
concerns that may inhibit the 

wheeling of water through the 
Delta were not modeled. 

 
Banks can wheel up to 128 
taf/year for Cross Valley Canal  

 
CVC wheeling is modeled  the 

same as WQCP 
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